A survey to assess the distribution of two endangered marsupial species, the long-footed potoroo (Potorous longipes) and the spot-tailed quoll (Dasyurus maculatus) in the south and east of the Goolengook Forest Management Block was conducted in September and October 2006. Survey techniques consisted of hair-tubing, camera surveillance, collecting scat of target species and predators, and searching for activity and tracks of the target species. Eleven sites were surveyed. Twenty-eight records of long-footed potoroo were confirmed at nine of the sites, while one spot-tailed quoll record was confirmed from one of the sites. A record of the long-footed potoroo in the eastern Blackwatch Creek catchment extended, by several kilometres, the boundary of the known East Gippsland distribution at the time of the survey. Long-footed potoroos are distributed widely within the study area and are likely to form part of a contiguous population that extends across the Goolengook Forest and into adjacent forest.
Introduction
The long-footed potoroo was first formally described in 1980 (Seebeck and Johnston 1980) and is currently known to exist only in three distinct and separate subpopulations in Victoria and New South Wales, in East Gippsland the records are fragmented in clusters over an area of~1600 km 2 . The distribution and number of spot-tailed quoll in Victoria has declined dramatically since European settlement and East Gippsland is the stronghold for the species in Victoria (Backhouse 2003; Belcher 2007) . Both species are considered endangered in Victoria (Department of Sustainability and Environment 2007) , are included on the threatened list of the Victorian Flora and Fauna Guarantee Act 1988, and are also listed as Endangered under the Commonwealth Environment Protection and Biodiversity Conservation Act 1999.
In 2005, the Victorian Government commissioned the Victorian Environmental Assessment Council to investigate whether the Goolengook Forest Management Block (hereafter referred to as 'Goolengook Forest') in East Gippsland should be added to the Errinundra National Park. The investigation required the full range of values to be considered, including the well being of endangered species such as the spot-tailed quoll and long-footed potoroo (Thwaites 2005) . In the Goolengook Forest, long-footed potoroos had previously been recorded in western and central areas (forming the eastern edge of the known distribution of long-footed potoroos in East Gippsland), and four spot-tailed quoll records were known within the block (Victorian Environmental Assessment Council 2006) , as well as from several sites in adjacent forest (Fig. 1) . Suitable habitat for both species is present in the east and south of the block, but little systematic survey work had been done in these areas. In order to gain a better understanding of the distribution of the long-footed potoroo and the spot-tailed quoll, the Victorian Environmental Assessment Council commissioned the Department of Sustainability and Environment to carry out surveys with particular emphasis on the east and south of the Goolengook Forest where these species had not been recorded previously, or where surveys had not been undertaken.
Determining the distribution of key species in Goolengook Forest not only provided information on areas of ecological significance in the block, it also had potential implications for determining which areas of state forest may or may not have been available for timber harvesting based on the presence of such species. For example, in accordance with a Management Strategy (Saxon et al. 1994) and Action Statement (Thomas et al. 1994) for the long-footed potoroo at the time of the surveys, all known populations of that species were to be protected within 'special management areas' of 450 AE 50 ha each, up to a maximum of 17 500 ha in Victoria. Activities such as logging, and creating new roads and new recreation facilities were not permitted in special management areas (Saxon et al. 1994; Thomas et al. 1994) . The revised Long-footed Potoroo Action Statement specifies that a new record of the species detected in state forest generates a 150-ha special management zone, of which at least one-third (~50 ha) will be protected from timber harvesting and new roading (Department of Sustainability and Environment 2009a).
Methods
Optimising the use of limited resources and time influenced selection of survey techniques. Time constraints meant that sites had to be near accessible tracks. Access to significant parts of the survey area was also limited by seasonal conditions and permanent closure of many tracks.
Site selection
The Goolengook Forest is situated at the headwaters of the Goolengook River,~30 km north-east of Orbost, and covers some 8930 ha. Surveys were undertaken in September and October 2006. At that time, the Goolengook Forest comprised part of the Errinundra National Park (24.9%), the Goolengook Flora and Fauna Reserve (14.5%) and state forest (60.6%). Survey sites within likely preferred habitat (Scotts and Seebeck 1989; Green et al. 1998; Backhouse 2003; Belcher and Darrant 2006) were selected using 1 : 25 000 Ecological Vegetation Class maps with a focus on Wet Forest, Damp Forest and Lowland Forest, rather than Shrubby Dry Forest (Davies et al. 2002; White et al. 2006) . Consideration of potential national park values influenced the site-selection process; largely unmodified habitat was targeted in preference to regrowth areas resulting from previous timber harvesting. On-ground assessments determined 10 specific survey sites. In mid-October an eleventh site was selected to further investigate the eastern side of the Goolengook Forest (Fig. 2) .
Hair-tube survey
Hair-tubing for long-footed potoroos and remote surveillance cameras for spot-tailed quolls were considered to be the most effective use of limited resources and time. Tunnel type hairtubes (Jones 1999; Murray 2005) , with a bait mixture of rolled oats, peanut butter, golden syrup, and pistachio essence, were employed to collect long-footed potoroo hair samples, as described by several authors in studies that have targeted this species (Broome et al. 1995; Jones and Johnson 1997; Chick et al. 2006) . Initially, at each site, 60 hair-tubes were set at 20-m 
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Australian Mammalogyintervals in line arrays, in straight lines or loops from a focal point, each line comprising 10-60 hair-tubes, depending on terrain and habitat (600 tubes in all). The placement of hair-tubes was influenced by preferred habitat, and observations of potential long-footed potoroo activity, such as forage diggings and runways. Hair-tubes remained at the sites for 7-16 days. At pick-up, all tubes were inspected and tapes with hairs were placed on record sheets and sent to Barbara Triggs ('Dead Finish', Genoa, Victoria) for analysis. Subsequently, 30 tubes were reset at three of the four sites where long-footed potoroo hairs, or other conclusive evidence, had not been found (totalling 90 tubes). Sixty hair-tubes were also set out at a new, eleventh site (see Table 1 ), and collected hairs were again sent for analysis. Because of time constraints and the targeted nature of the survey, a fast-track method was adopted for analysis of hair found in hair-tubes whereby non-target species were filtered out and only potoroos, quolls, and bandicoots were identified fully if detected. 
Camera surveillance
Remote cameras and scat collection were deemed as effective or better than hair-tubing for detecting quolls (Nelson 2007a) . A digital wildlife surveillance camera was deployed in the vicinity of each of the hair-tubing sites, plus one extra camera site, for a total of 12 sites (Table 2) . Cameras were placed near the focal The camera sites were baited with an olfactory predator lure consisting of chicken, fish, and canned cat food within a cage in order to attract spot-tailed quolls. Similar bait has been successfully used to attract quolls in other studies (Körtner and Watson 2005; Claridge et al. 2006; Nelson 2007a ). Choice of camera locations was influenced by favoured habitat, such as gullies, saddles and rocky outcrops (Belcher and Darrant 2006) , and by air movement in gullies to carry the scent of the bait.
Scat and pellet collection
A total of 16 predator scats were collected opportunistically at sites if they appeared to contain potoroo hair, or if they resembled quoll scats and thus could potentially include grooming hairs. Most scats were found along tracks, but some were found in the forest. Two scats that appeared to be from either potoroo or bandicoot were collected. Scats were sent for analysis. A pellet regurgitated by a wedge-tailed eagle (Aquila audax) was also collected.
Incidental observations and evidence
During the survey, tufts of hair and animal remains were collected at sites if they appeared to be of interest. Several clear, sharp imprints in mud, considered to be long-footed potoroo footprints, were examined and photographed. Incidental observations of animal digs and runs were examined for signs of potential potoroo activity. Often these were identified as most likely to have been made by long-nosed bandicoot (Perameles nasuta). Some, however, were typical of long-footed potoroos. Activity signs, such as forage diggings, cannot be used to identify species, but they can indicate the general presence of potoroos (Chick et al. 2006; Claridge et al. 2007 ). Broken, empty sporocarp casings were found at several digs.
Results
Long-footed potoroos were recorded at nine (81.8%) of the 11 sites selected for this survey, and a spot-tailed quoll record was confirmed at one site (Tables 1, 2 and 3). 
Hair-tube survey analysis
In the first round of 600 hair-tubes, long-footed potoroo hairs were confirmed in seven tubes at four sites: four tubes at P8, and one tube each at P3, P9, and P10. In the second round of 150 hair-tubes, long-footed potoroo hairs were confirmed in 17 tubes at three sites: 12 tubes at P1, four tubes at P5, and one at P11 (Fig. 2) . Overall, positive results ranged from a high of 12 tubes (13.3%) at P1 to just one tube (1.6%) at several sites (Table 1) . Long-nosed bandicoot hair was confirmed in four hairtubes: three at P4 and one at P1. No quoll hairs were found in hair-tubes.
Of the 750 hair-tubes deployed, samples of hair were found in 251 tubes (33.5%). Long-footed potoroo hairs were confirmed in 24 (9.6%) of the 251 hair samples. In total, long-footed potoroo hairs were confirmed at seven survey sites (63.6%), and from 3.2% of the 750 hair-tubes.
Camera surveillance records
Photographs of fauna were recorded at nine of the 12 camera sites. Superb lyrebird (Menura novaehollandiae) was the most commonly recorded species (six sites), followed by tree goanna (Varanus varius) (two sites), and long-footed potoroo, mountain brushtail possum (Trichosurus cunninghami), common wombat (Vombatus ursinus), pied currawong (Strepera graculina), ravens (Corvus sp.), red fox (Canis vulpes) and cat (Felis catus) at one site each ( Table 2 ). The most significant photograph collected was that of a long-footed potoroo crossing in front of the camera at Q2 (Fig. 3) . No quolls were photographed during this survey.
Scat analysis
A long-footed potoroo scat, mostly consisting of fungal spores, was collected at site P1 and contained one grooming hair (Table 1) . Of the 16 predator scats analysed, 14 (87.5%) were of either dog or fox. One scat, at site Q3, was confirmed as that of a spot-tailed quoll, as it contained grooming hairs (Table 2) . Another, at site Q10, was identified as that of either a fox or a quoll, but it contained no grooming hair by which to fully identify the species. None of the predator scats contained longfooted potoroo hairs. Brushtail possum (Trichosurus sp.) was the most commonly identified prey item, being found in nine of the scats (56.3%). Dusky antechinus (Antechinus swainsonii) was the next most common, with three records (18.7%), followed by agile antechinus (A. agilis), common ringtail possum (Pseudocheirus peregrinus), bush rat (Rattus fuscipes) and longnosed bandicoot, with one record (6.3%) each. Grooming hairs were found in a bandicoot scat.
Incidental observations and evidence
Tufts of hair and the partial remains of an animal found on the track at site P2 were confirmed as those of long-footed potoroo. Photographs of imprints in mud, found on the track near site P7, were confirmed as long-footed potoroo footprints (Table 1) by comparison with detailed photographs of the underside of long-footed potoroo feet. Tracks of a long-nosed bandicoot were found near the long-footed potoroo tracks, in the same mud area at P7. Hair in a wedge-tailed eagle pellet was identified as being from a brushtail possum (Trichosurus sp.).
Discussion
The previously known distribution of the long-footed potoroo within the Goolengook Forest has been defined by a series of surveys beginning in the late 1980s (Fig. 1) . The earliest confirmed records were from the central-western portion of the block during the initial Goolengook flora and fauna survey (Lobert et al. 1991) . Further records, in the central portion of the block, were obtained in the late 1990s during surveys conducted by environment groups (Picone 2000 (Picone , 2004 and the Department of Sustainability and Environment (unpublished 1998). More recently, Chick et al. (2006) recorded the species again in the central-western portion of the block. Records established in our survey indicate that long-footed potoroos are also present in the south and east.
During the current survey a total of 28 new long-footed potoroo records were confirmed at nine new sites (Table 3) . Most of these sites are near existing records in adjacent subcatchments of either the Goolengook or Little Goolengook Rivers, and others are close to previous records in adjacent forest blocks. In the east, two of the sites along Ada Divide Track (P2 and P3) are at the head of a subcatchment, in which there are previous records in the centre of the block. The group of sites located in the south-west of the block (P7, P8, P9 and P10) are all within subcatchments either adjacent to previous records on the north side of the Little Goolengook River or those in the Kuark Forest Block (Fig. 1) . Site P5 on the Goolengook River is located within 2 km of a record in the Purgagoolah Forest Block. Site P1 is linked to previous sites only by the corridor of the Goolengook River.
Site P11 in the Blackwatch Creek catchment extended by several kilometres the central-eastern boundary of the distributional polygon. Since the survey, several new road kill and surveillance camera records of the species have further extended the known eastern boundary of the species in East Gippsland (Department of Sustainability and Environment 2011). 
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The rate of detecting long-footed potoroos using hair-tubes is highly variable. In a range of surveys, detection rates for this species have varied from 0% to 23% of hair-tubes deployed. This variation occurred not only between surveys, but between sessions in the same survey, in areas where the species had been recorded previously, and where activity appears to be high on the basis of fresh forage diggings, scat, and other signs (Lobert et al. 1991; Jones and Johnson 1997; Chick et al.2006 ). Thus it is not possible with the results of this brief survey to comment with any conviction about the density of the population. This survey did, however, clearly demonstrate that long-footed potoroos are present across the south and east of the Goolengook Forest, where there were no previous records of the species. It is likely that a contiguous population extends across the Goolengook Forest and into adjoining forest.
Spot-tailed quolls have previously been recorded within the Goolengook Forest, and in adjacent forest blocks. The number of records is, however, very low (four records) and they are widely dispersed, both in location and over time. The record of this species confirmed during this survey, at site Q3 on Ada Divide Track, in the east of the survey area, is within~3 km of past records at Blackwatch Creek to the south-east (from 1979) and Freddy Creek-Goolengook River to the west (from 1997 and 2000) . Spot-tailed quolls are known to occur at very low population densities elsewhere in East Gippsland (Nelson 2007b) , and the results of the survey reflect this situation. It is acknowledged that the time frame for completing the survey curtailed the period that each site could be monitored, and ideally cameras would have been at each site for a minimum of three weeks to detect spot-tailed quolls (Nelson 2007a) . Thus this species may be more abundant or more widely distributed in Goolengook than our surveys suggest.
The entire Goolengook Forest and the south-eastern area of the Ellery Forest Block were included within the Errinundra National Park in 2009 (Department of Sustainability and Environment 2009b), following a decision by the Victorian Government to withdraw the terms of reference from the Victorian Environmental Assessment Council before the completion of that investigation (Coffey et al. 2011) .
